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ABSTRACT
This study was conducted to determine the selectivity of the hooks used for bluefish (Pomatomus saltatrix Linneaus,
1766) in the Gallipoli Peninsula and the Dardanelles between 2006 and 2009 fishing seasons (November to September).
Bluefish were fished with hooks sized 1, 1/0, 2/0, 3/0, 4/0 and in sum; 1210 bluefish were caught. The hook no 2/0 caught
the highest number of fish (344 fish, 20.43%) and the hook no 1 caught the least (35 fish, 2.89%). Length frequency
distribution of bluefish, which were caught with different hook sizes, was used in SELECT method and according to
the results; the normal scale model gave the best fit for selectivity. The normal scale model was used to calculate model
length (ML) and spread value (SV) of each hook size. Model length and spread value were found as follows; 19.18 cm
ML and 4.44 SV for hook no. 1; 21.88 cm ML, 5.07 SV for hook no 1/0; 24.14 cm ML, 5.59 SV for hook no. 2/0; 27.02
cm ML, 6.26 SV for hook no. 3/0; 28.19 cm ML, 6.53 SV for hook no. 4/0, respectively. Because the minimum landing
size (MLS) for bluefish has been stipulated as 20.0 cm (TL) in the Turkish Fishery Regulations, the use of hook no. 2/0
or bigger hook sizes can be recommended for fishing of bluefish.
Keywords: Bluefish; Çanakkale Strait; Hook selectivity; SELECT method
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ÖZET
Bu çalışma, Gelibolu Yarımadası ve Çanakkale Boğazı’ndaki lüfer balığı (Pomatomus saltatrix Linnaeus, 1766)
avcılığında kullanılan olta iğneleri seçiciliklerini belirlemek için, 2006-2009 balıkçılık sezonunda, lüfer göç zamanı
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olan Eylül, Ekim ve Kasım ayları arasında gerçekleştirilmiştir. Lüfer balıklarının avcılığı 1, 1/0, 2/0, 3/0, 4/0 numara
iğneler ile gerçekleştirilmiş ve 1210 adet lüfer balığı yakalanmıştır. En fazla birey 2/0 numara iğne ile (344 birey,
% 20,43) en az birey ise 1 numaralı iğne ile (35 birey, % 2,89) elde edilmiştir. Farklı iğne numaraları ile avlanan lüfer
balığının boy frekans dağılımları kullanılarak uygulanan SELECT metoduna göre en uygun model, normal scale model
olarak saptanmıştır. Normal scale modele göre kullanılan iğne büyüklükleri için hesaplanan optimum yakalama boyları
(OYB) ve eğrinin genişlikleri (EG), sırasıyla, 1 no’lu iğne için 19,18 cm OYB ve 4,44 EG; 1/0 no’lu iğne için 21,88 cm
OYB ve 5,07 EG; 2/0 no’lu iğne için 24,14 cm OYB ve 5,59 EG; 3/0 no’lu iğne için 27,02 cm OYB ve 6,26 EG ve 4/0
no’lu iğne için 28,19 cm OYB ve 6,53 EG’dir. Lüfer balıklarının Türkiye’deki minimum avlanma boyu 20 cm olduğu
için lüfer avcılığında 2/0 numara ve daha büyük iğnelerin kullanımı önerilebilir.
Anahtar Kelimeler: Lüfer balığı; Çanakkale Boğazı; İğne seçiciliği; SELECT yöntem
© Ankara Üniversitesi Ziraat Fakültesi

1. Introduction
In fisheries management, knowledge of size
selectivity can be used for the estimation of
incidental mortality (i.e. mortality of discards and
escapees); yield-per-recruit analysis; age and lengthbased population models; estimation of population
length frequencies; length at age (Millar & Fryer
1999). Therefore, the estimations of size selectivity
of fishing gears offer remarkable information for the
conservation and optimum exploitation of fisheries
resources (Beverton & Holt 1957; Hilborn &
Walters 1992; Quinn & Deriso 1999). Although the
size selectivity of fishing gears such as trawls and
gill nets is well known, there is still a gap between
the size selection curves of hand lines. Not only
logistic type models, typically used to describe the
selectivity of trawls, but also unimodal models used
in gillnet selectivity studies have been used in hook
selectivity studies (Clark 1960; Erzini et al 1996;
1998; 2006), (Millar & Holst 1997; Sousa et al
1999; Czerwinski et al 2010; Campbell et al 2014;
Öztekin et al 2014; Ateşşahin et al 2015).
Bluefish (Pomatomus saltatrix) is a migrant
species, which has wide geographical distribution,
except for the northern and central-Pacific Ocean
(Briggs 1960; Wilk 1977). It is also one of the most
important commercial fish species in Turkey, and
particularly fished during alimental and spawning
migration between the Black Sea and Aegean Sea.
Fishing activity is intensive, especially due to purse
seine, trawling net, hand lines, encircling gill and
trammel net (Ceyhan & Akyol 2005; Acarlı et al

2013). The production made in Turkey is observed
to have risen to one-third of the world’s production
during some years (Ceyhan & Akyol 2006).
Unfortunately, recently, bluefish population has
shown substantial declines (Robillard et al 2009) and
some researchers (Akyol & Ceyhan 2007; Özdemir
et al 2009) reported over-fishing pressure on the
species. For these reasons, in some countries like
Brazil, Australia and Tunisia, the fishing of bluefish
was subjected to some regulations in order to allow
the proper management of this resource (Dhieb et al
2006). In Turkey, although current stock levels are
uncertain, there are indications (i.e. smaller average
sizes of individuals, lower catch per unit effort
according to the years) of the fact that stocks have
declined due to fishing pressure. Recently, there
has been much discussion concerning the state of
bluefish stocks, because of declining catches (Acarlı
et al 2013).
Although, a great deal of research has been
published on the biology of this species (Lassiter
1962; Conand 1975; Van der Elst 1976; Champagnat
1983; Krug & Haimovici 1989; Barger 1990; Graves
et al 1992; Haimovici & Krug 1992; Terceiro &
Ross 1993; Lucena & O’Brien 2001; Salerno et al
2001; Sipe & Chittenden 2002; Ceyhan et al 2007;
Cengiz et al 2012), there is no information about
the selectivity of the hooks used for bluefish all
over the world. This study aims to determine the
selectivity of hooks sized 1, 1/0, 2/0, 3/0 and 4/0
used for bluefish in the Gallipoli Peninsula and the
Dardanelles.
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2. Material and Methods
2.1. Study area
The Çanakkale Strait is a strategic natural transition
point where pelagic fish populations migrate from
the Black Sea to the Aegean and the Mediterranean
Sea and in the opposite direction for the purposes
of feeding and reproduction. In this bi-directional
pass along the Dardanelles during certain periods of
the year, migratory fish schools are very important
fishing potentials for small coastal fishermen and
big coastal fishing boats. Atlantic mackerel Scomber
scombrus (Linnaeus 1758), chub mackerel Scomber
japonicus (Houttuyn 1782), bluefish and horse
mackerel Trachurus trachurus (Linnaeus 1758)
which are also known as Migratory Fish species
are intensively fished during the period from early
September to late February known as winter fishery
and the whole summertime (Ünsal 2010). Therefore,
the Çanakkale Strait has a special importance for the
coastal fishery of Turkey (Zengin 2013).
Bluefish samples were collected between 2006
and 2009 fishing seasons (November to September)

from the Çanakkale Strait, at depths ranging from 1
m to 40 m (Figure 1).
Fishing lines and hook sizes used in the present
study were designated in accordance with those of
fishermen. Fishing lines for bluefish were used in the
study and all the lines had the same features except for
hook sizes. Leaders with 150 cm length and 0.4 mm
diameter which were equipped with hooks between
no. 2 and 4 were knotted to 0.6 mm diameter main
line with swivels. Hooks were equipped to with 10
cm long leaders between two swivels for flexibility
in currents. Hooks were tied to 120 cm long lines
and each hook was interspaced in about 3 cm. Hooks
sized 13 were used with every fishing tackle. Straight
shank hooks (Mustad 3282) sized 1, 1/0, 2/0, 3/0
and 4/0 were determined for main hooks and then
equipped together with hooks sized 13 (Figure 2).
By virtue of bluefish’s predatory behaviors, hooks
were used along with live bait. The round sardinella
(Sardinella aurita Valenciennes 1847), big-scale sand
smelt and blotched picarel (Spicara maena Linnaeus
1758) were used as baits. Different baits were used
since bluefish were attracted to different kinds of

Figure 1- Study area (Northern Aegean Sea, Turkey)
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Figure 2- Hooks used for fishing bluefish and gap
measures (cm) (hook gaps were determined by
calculating the mean value of the gap between 60
hooks in each box)

baits in a day time. During fishing, only one type of
bait was used not to affect catching efficiency. Due to
their higher efficiency during daytime, live baits were
preferred for sampling. However, sardine was also
used as bait in case of an absence of live baits. Five
fishing tackles were set with the same specifications;
yet with different hook sizes differring between size
1, 1/0, 2/0, 3/0 and 4/0, respectively. The period was
required for fishing bluefish with line differs between
5 to 10 minutes. The position of bait on hook does
not affect the period. Fishing tackles were used
alternatively to prevent the lack of fishing efficiency
caused by fishermen, every 60 minutes. Samples
were measured to the nearest cm (total length) and
fish mouth gaps were measured during selectivity
studies with 0.01 mm precised digital caliper to
determine whether there is a relation between mouth
gaps and hook sizes.
SELECT (select each length class’ catch total)
method was used to evaluate the data related to fish
hooks (Millar 1992). This method assumes that the
number of fish having length l and caught with a
hook sized j has a nlj Poisson distribution, and is
defined by Equation 1.
nlj ≈ nlj ≈ Pois (pj λl rj(l))

(1)
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Where; λl, abundance of fish sized l and caught
by hook; pj (l), relative fishing intensity (the relative
abundance of fish sized l that hook sized j can catch).
The Poisson distribution of the number of fish sized
l and caught by fishing gear having hook sized j is
defined as pj(l)λl. rj(l) is the selectivity curve for the
hook
j.
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The Kolmogorov-Smirnov (K-S) test was used
to determine differences between size frequency
distributions of fish caught by hooks in various sizes
(Sigeal & Castellan 1989; Karakulak & Erk 2008).

3. Results and Discussion
The field studies were carried out with hooks sized
1, 1/0, 2/0, 3/0, 4/0 and a total of 1210 samples were
caught during these studies. In terms of hook sizes,
the highest number of bluefish were caught with
hook no. 2/0 (344 fish, 20.43%) and the least bluefish
were caught with hook no. 1 (35 fish, 2.89%). The
number of bluefish caught by each differently sized

hook and minimum, maximum, mean lengths and
standart error are displayed in Table 1.
Table 1- The numbers and length values of bluefish
according to hook sizes
Hook
numbers
1
1/0
2/0
3/0
4/0

n
35
313
344
301
217

Total length (cm)
% Minimum Maximum Mean ± S.E.
2.89 19.5
24.1
21.74±0.16
25.87 14.9
36.5
23.05±0.22
28.43 13.8
45.2
22.18±0.28
24.88 14.8
41.9
27.78±0.28
17.93 20.5
49.0
30.33±0.33

S.E, standart error

Figure 3 - Length frequency distribution of Bluefish (Pomatomus saltatrix Linnaeus, 1766) for each hook size
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The catch size-frequency distributions are given
in Figure 3 for each hook size used for fishing
bluefish. Larger hook sizes have the greater mean
length of the captured fish.

hook size are presented in Table 4. Model length
accurately increases as the hook number increases.
Table 4- Modal lengths and spread value of bluefish
for each hook size according to the normal scale
model

The length frequency distributions of the bluefish
caught by the 5 different hook sizes (all hook sizes
combined) were significantly different, except for
the combination of hooks sized 1-1/0 (Table 2).

Hook numbers

Model length
(cm)

Spread value
(cm)

The normal scale model with the lowest deviance
was given the best fit in comparison to the deviances
of five models of SELECT (Table 3).

1

19.18

4.44

1/0

21.88

5.07

2/0

24.14

5.59

According to the normal scale model, the modal
lengths and spread values of bluefish for each

3/0

27.02

6.26

4/0

28.19

6.53

Table 2- Results of the Kolmogorov-Smirnov test
Hook numbers
1
1
1
1
1/0
1/0
1/0
2/0
2/0
3/0

Hook numbers
1/0
2/0
3/0
4/0
2/0
3/0
4/0
3/0
4/0
4/0

D max
0.102
0.265
0.691
0.804
0.219
0.528
0.620
0.507
0.622
0.234

Kolmogorov-Smirnov test
Critical values Decision
0.242
H0 Not Reject
0.241
H0 Reject
0.243
H0 Reject
0.248
H0 Reject
0.106
H0 Reject
0.110
H0 Reject
0.120
H0 Reject
0.107
H0 Reject
0.118
H0 Reject
0.121
H0 Reject

H0, there are no significant differences between length frequency distribution (α= 0.05, K= 1.36)

Table 3- The SELECT model parameters estimates for hook selectivity
Model
Normal location
Normal scale
Gamma
Log normal
Bi-normal

Equal fishing powers
Modal
Parameters
deviance
k= 1.765±0.021
565.99
σ= 5.112±0.158
k1= 1.801±0.025
561.88
k2= 0.417±0.015
α= 20.902±1.442
573.69
k= 0.087±0.005
μ1= 2.949±0.012
590.37
σ= 0.220±0.007
not calculated
-

p
0.0000
0.0000
0.0000
0.0000
-

Fishing power α hook size
Modal
Parameters
p
deviance
k= 1.849±0.021
561.62
0.0000
σ= 5.222±0.163
k1= 1.896±0.022
561.83
0.0000
k2= 0.407±0.014
α= 21.902±1.423
573.69
0.0000
k= 0.087±0.005
μ1= 2.998±0.011
590.37
0.0000
σ= 0.220±0.007
not calculated
-
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The selectivity curves of bluefish for each
hook size according to the normal scale model are
presented in Figure 4.

Figure 4- The selectivity curves of bluefish for each
hook size according to the normal scale model

Due to the Turkish Fishery Regulation (TFR
2012); the minimum landing size of the bluefish
is 20 cm. The hooks used in this study was highly
selective and had no pressure on bluefish stocks
except for the hook sized 1 according to the model
length (cm) given in Table 4.
To ensure sustainable improvements in fisheries
management, regulations on specific fishing gears
must be put in order correspondingly with selectivity
studies. The normal scale model gave the best fit for
the data obtained in this study. It has been observed
that estimated model lengths were increasing in
parallel with the increase in hook sizes.
Hook and bait are the main factors that affect
catching efficiency when fishing is conducted with
line (Kaykaç et al 2003). Some particular studies
reported that hook size does not have a significant
effect on selectivity (Bertrand 1988; Clarke et al
2001). This conclusion is derived from the fact that
bigger fish have bigger mouth gaps. On the other
hand, some other studies reported that hook size has
an effect on selectivity. Considering both of these
facts, it is determined that smaller hook size catches
smaller fish and bigger hook size catches bigger fish
(Cortez-Zaragoza et al 1989; Otway & Craig 1993;
Grixti et al 2007). In the present study; hooks sized
4/0 caught the largest fish size group with the length
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of 49 cm while hooks sized 2/0 caught the second
largest fish size group with the length of 45.2 cm.
This partially indicates resemblance with previous
studies. Hook size and type that will be used on lines
have significant importance on the resemblance of
fishing efforts.
Erzini et al (1998) stated that increasing the size
of hook used on lines causes lower fish catching
numbers. On the contrary, our results showed
that the hook size 4/0, which is the biggest size,
had the largest number of fish caught with 217
individuals while the smallest hook sized 1 caught
35 individuals. This difference occurred due to the
consideration of different species. Bjordal (1981)
reported that small sized hooks have higher catching
efficiency compared to bigger sized hooks. The
results obtained in this study, except for the hook
sized 1, are mostly in accordance with alternate
studies.

4. Conclusions
An efficient management strategy could not apply
for bluefish population spreading over Turkey
until nowadays. Fishing gears must be improved
for the preservation of fish stocks. Improving the
selective features of fishing gears make a significant
contribution to the preservation of natural fish stocks
and to avoid catching fish with undesired length
(Kalaycı 2001). More species based studies on hook
sizes should be carried out to prevent catching fish
under length of the first spawning due to the use of
small hook size. The use of small sized hooks that
catch fish under length of the first spawning must
be inhibited and legislated with government laws
and regulations. There are many selectivity studies
on gill net or trawling but no study focused on fish
hooks (Give some selectivity studies references
about selectivity of other fishing methods). Woll et al
(2001) stated that the methods of gill net selectivity
can be applied to fish hook selectivity and that fish
can be caught in nets from different parts of their
bodies; yet with fishhook they can only be angled
from their mouths.
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While fishing bluefish is allowed for those being
longer than 30 cm in USA (Muller 2001). A research
conducted in the Marmara Sea and the Straits in
Turkey was displayed the first reproduction fork
length as 25.4 cm for bluefish (Ceyhan et al 2007).
Unfortunately, the minimum landing size (MLS)
for bluefish is 20.0 cm (TL) in the Turkish Fishery
Regulation (TFR 2012). The 20.0 cm length limit
applied is not effective in preserving bluefish
stocks. For this reason, using of hook sized 2/0
or higher can be recommended. Considering the
importance of the bluefish catching in Turkey’s
fishery, the effective precautions such as size
selectivity, catching quote, fishing effort control
should be implemented. Additionally, in parallel
with the developments in fisheries management and
studies based on selectivity; the detection of the first
reproduction length of commercial fish species and
the use of specific fishing gears for certain species
are of great importance. Therefore, the landing of
individuals under the length at first maturity can be
prevented and fish stocks can be preserved.
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